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Sunburn is caused by a narrow range of ultraviolet rays in the region of 2900—
3100A units (1). Effective protection against sunburn can be achieved by
external application of solutions, lotions, pastes and ointments containing chemi-
cals which greatly absorb or reflect the rays in this zone of ultraviolet radiation.
The most frequently used chemicals for screening of the "sunburn rays" have
been salicylic acid or its esters and tannic acid. Both absorb intensely and
selectively the "sunburn rays". However, salicylic acid and its esters cannot
be used in sufficiently high concentrations without the danger of irritation, and
tannic acid does not afford the necessary stability under continued irradiation.
Tannic acid, when exposed to ultraviolet irradiation, decomposes so rapidly
that it is practically impossible to establish its absorption spectrum by spectro-
photometric measurements. Its decomposition products are ineffective against
sunburn. Other substances which are often employed, such as quinine, naph-
thol disulfonic acids, esculine and anthranilic acid derivatives do not absorb
the sunburn rays sufficiently to guarantee full protection against intense solar
radiation.
In 1926 it was shown that p-aminobenzoic acid has an absorption band in the
ultraviolet spectrum which embraces all the "sunburn rays" (2). The absorp-
tion coefficients of p-aminobenzoic acid in this region are more than one and one
half times greater than those of salicylic acid (fig. 1). Although a small fraction
of p-aminobenzoic acid undergoes a photochemical change when irradiated with
ultraviolet light (3), its absorption spectrum remains essentially unchanged
after intense irradiation. The pure substance is non-toxic and non-irritating for
human skin, and it does not soil the clothing. It is easily miscible with greasy
ointment bases, cold creams and emulsion bases. Thus it seems that p-amino-
benzoic acid is well suited to serve as a sunburn protectant for local application.
In the present paper experiments are reported on the efficiency of such prepara-
tions for practical clinical purposes.
METHOD
1. Equal layer thickness. Surveying the methods recommended for estab-
lishing the effectiveness of anti-sunburn preparations (4), one is impressed by
the fact that no successful method had been developed for the creation of oint-
ment layers of constant thickness for comparative purposes. In the present
study the following method was used. Two squares of equal areas were mapped
out on skin surfaces, preferably on symmetrical sites. The surfaces chosen
were approximately plane, such as the anterior aspects of the thighs or posterior
aspect of the trunk. Equal amounts of two ointments to be compared were
1 Received for publication July 8, 1947.
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weighed on the analytic balance and spread over the two mapped areas with a
metal spatula. Theoretically, equal amounts distributed over equal areas in-
sured an equal thickness provided that the ointments were spread equally over
the whole surface area. This ideal postulate never could be fulfilled because
of unequal spreading and unevenness of the skin surface. However, an accuracy
sufficient for all practical purposes could be attained when large areas were chosen
for the spread of the ointment. The actual irradiation experiments were carried
'3
FIG. 1. Ultraviolet Absorption spectra of p-aminobenzoic acid (0.00005 molar) and
salicylic acid (0.00005 molar).
out on a considerably smaller field approximately in the center of the greased
area. Routinely, we spread the ointment over an area of 12 x 25.5 cm. and
irradiated in its center a circular area of 3 cm. in diameter. When this method
was tested by irradiation of two areas which were covered with the same oint-
ment, the intensities of the resulting erythemas were equal and the threshold
erythema time was identical on both areas in ten experiments. However, when
different ointments were to be compared, it seemed advisable to compare equal
volumes rather than equal weights in order to assure equal layer thickness be-
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cause of great differences in the specific weight of different ointments. The
volumes could be satisfactorily kept equal by filling the ointments into graduated
glass syringes, and then expressing them onto the skin by means of the plunger
of the syringe.
Routinely, either 2.5 cc of ointment or 1 cc of ointment was spread over an
area of 12 x 25.5 cm, or 306 cm2, giving a theoretical layer thickness of 0.08
and 0.03 mm respectively. The use of thin layers was necessitated by the high
protecting action of p-aminobenzoic acid ointments which in thick layers would
have required inconveniently long irradiation times.
2. Choice of light source. As in earlier studies in this field, mercury vapor
lamps were used for the testing of anti-sunburn action of p-aminobenzoic acid.
It has often been emphasized that spectrographically the ultraviolet light of
sunshine and of a mercury vapor lamp are different, the spectrum of sunlight
being for practical purposes continuous and that of mercury vapor light being
a linear spectrum. Therefore, it was thought that results obtained with mercury
vapor lamps are not necessarily valid for exposure to natural sunshine. How-
ever, the mercury lamp has the great advantage of relatively great constancy
of intensity and quality of its radiation, as contrasted with the ever changing
conditions of sunshine. The carbon arc light sources, the spectra of which are
more similar to that of sunshine than that of mercury vapor light, are not suf-
ficiently constant in their emission either. In addition, the sunburn range of
the ultraviolet spectrum is amply represented in the 2970 and 3030A lines of the
mercury spectrum. If any preparation protects against dermatitis by mercury
light, it obviously should also protect against sunburn. Yet, the final proof of
the effectiveness must be the simple trial under "natural" or "field" condition.
In the present study the "Alpine" type therapeutic mercury quartz lamp and
the Kromayer type water-cooled lamp were used, the first at the accurately
measured distance of 10 inches, the second either at 1 cm. distance2 or with the
compression technique, i.e., in direct contact with the skin. Prior to the ex-
perimental irradiations both lamps were "warmed up" until they came into the
"operating range".
Irradiation experiments with the Kromayer lamp were more practical because
of the shorter exposure times required and because no screening of adjacent
parts of the body was necessary. The disadvantage of this method was that it
could not be run longer than 30 minutes at a time because of overheating. For
exposures of more than 30 minutes, the irradiation was interrupted for 10 to
30 minutes and then resumed. When the compression method was used, loss
of ointment adhering to the quartz window was carefully avoided in such inter-
rupted experiments by re-applying the lamp with the same alignment.
3. Ointment base. P-aminobenzoic acid can easily be incorporated into vari-
ous kinds of ointment bases. The first ointment base tried was Aquaphor in
2 This distance was kept constant by a cardboard tube, one end of which was firmly
attached to the window of the Kromayer lamp and the other end of which was pressed
against the skin.
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mixture with p-aminobenzoic acid, 15% in weight; the mixing resulted in a
macroscopically homogeneous paste. However, difficulty was experienced in
distributing both Aquaphor and p-aminobenzoic acid in Aquaphor uniformly
enough with a metal spatula to avoid streaks of erythema appearing after irradi-
ation. The second ointment tried was Ruggles' vanishing cream3 (5). It proved
to be an ideal base for incorporation of p-aminobenzoic acid. It could be uni-
iormiy spread over the skin, and the p-aminobenzoic acid obviously was uni-
formly distributed in it because streakiness of skin reactions was never ob-
served when this preparation was used in irradiation experiments. Also, it proved
to be a pleasant, non-greasy base.
4. Measure of Effectiveness. Any kind of ointment base has some slight anti-
sunburn action. In a series of experiments we compared the threshold erythema
dose on unprotected skin and on skin protected with Ruggles' cream. The
exposure time required to produce a threshold erythema was 33% to 100%
greater on areas covered with Ruggles' cream than on completely unprotected
skin, but the difference never exceeded 100%.
As a measure of actinic effectiveness the "threshold erythema time" was
chosen, i.e., the shortest time in which a just-perceptible erythema can be pro-
duced under the chosen experimental conditions. Establishment of the thres-
hold erythema is the best basis for measurement of protective action because
it is always easier to decide whether or not a visible reaction has taken place,
than to compare the intensities of two reactions. The threshold erythema time
was estimated by irradiating small fields with increasing exposure time.
5. Test persons. The tests were carried out on the normal skin of male and
female adults and children. The pigment content of the skin did not influence
the results, comparisons being made exclusively between experiments on sym-
metrical or adjacent areas of the skin of the same person. However, persons
with light complexion were selected because their relatively short threshold cry-
thema time was more convenient for our purposes.
RESULTS
Experiments with mercury lamps. The results of measurements with ointments
spread over the skin in 0.08 mm. layer thickness are given in Table I.
The table demonstrates that the minimum protective action of 15% p-amino-
benzoic ointment in 0.08 mm. layer thickness is at least 100 times greater than
that of the vehicle. The only difficulty encountered in these experiments was
that, in spite of extremely long irradiation times, no threshold erythema ever
could be obtained when the skin was protected with the p-aminobenzoic acid
preparation. Thus the data represents only minimum values of the effectiveness
of p-aminobenzoic acid.
Therefore, in further experiments the layer thickness was reduced to 0.03 mm.
The results are given in Table II. This table demonstrates that the protective
action of 15% p-aminobenzoic acid ointment in 0.03 mm. layer thickness is 50 to
100 times greater than that of the plain vehicle.
3 Ruggles' cream was supplied by Eli Lilly & Co., Indianapolis, md.
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Ezperimnts with sunshine. 15% p-alninobenzoic acid in Ruggles' cream was
distributed to 32 individuals who had complained about great sensitivity to sun-
shine and who had repeatedly suffered from severe sunburns. These patients
were advised to rub the ointment in a thin layer on the areas to be exposed.
Some of the test persons were asked to experiment with the preparation by leav-
ing small parts of the exposed areas untreated so that they would be able to
observe the degree of the sunburn they would have suffered If they had not been
protected by the ointment.
TABLE I
Sunburn-protecting action of p-aminobenzoic acid incorporated into Ruggles' cream in 15%
concentration. Comparison with the protective action of the plain vehicle.
Layer thickness of creams 0.08 millimeters
NOCASE .
FIElD COVERED WITH
R000LES' CREAM,
THRESHOLD ERYTEEMA
TIME
YIELD COVERED WITH 15%
P-A-B-A CREAM, EXPOSURE
TIME WITH NO ERYTHEMA
RESULTING
COMPLETE PROTECTION BY
P-A-B-A AGAINST X TIMES
THE THRESHOLD ERYTHEILA
DOSE WITH CREAM BASE
1
2
3
4
5
6
7
8
5'
4'
8'
1'
1'
3'
2' 30"
0' 20"
40'
60'
120'
37'30"
40'
120'
120'
33' 20"
8
15
15
375
40
40
48
100
TABLE II
Sunburn-protecting action of p-aminobenzoic acid incorporated into Ruggles' cream in 15%
concentration. Comparison with the protective action of the plain vehicle. Layer
thickness of creams 0.03 millimeters
CASE NO.
FIELD COVERED WITH
FACTOR OP PROTECTING
ACTION OP P-A-B-ARuggl& cream, threshold
erythema time 15% p-a-b-a
ointm.
threshoid erythema tine
1
2
3
4
1'30"
30"
15"
75"
75'
50'
25'
125'
50
100
100
100
All 32 persons reported absolute protection. Six persons carried out the
requested experiment and reported absolute protection except on non-protected
areas in which severe sunburn occurred. When sunbaths on beaches were com-
bined with swimming, the cream had to be re-applied each time the person left
the water because it is easily washed off. The non-greasy consistency of the
preparation and its easy penetration into the horny layer by mild massage was
uniformly praised by all the test persons.
The plotecting effect of p-aminobenzoic acid in different forms of pathologic
light sensitivities is being investigated. So far, the preparation has been found
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effective in two instances, in one case of solar herpes simplex and in one case of
chronic discoid lupus erythematodes. The patient with solar herpes broke out
regularly with labial herpes when she played golf on sunny days. P-amino-
benzoic acid cream applied to the lips and the face before exposure completely
prevented these attacks. The patient with chronic discoid lupus erythematodes
experienced exacerbations each time she exposed herself to direct sunshine for
an hour or longer. She was compelled to give up outdoor sports entirely. Under
the protection of p-aminobenzoic acid cream she was able to play tennis for
several hours in intense sunshine without any harmful effect.
No definite conclusions can be drawn from these single observations, but they
seem to indicate that the provoking effect of sunshine in solar herpes as well as
in chronic lupus erythematodes is elicited by the same region of the ultraviolet
spectrum which causes sunburn.
Darkening of freckles and solar urticaria were not prevented by local applica-
tion of p-aminobenzoic acid ointments and lotions. In both instances the action
spectrum is different from that of sunburn.
DISCUSSION
The experimental data suggest that the sunburn-protecting action of p-amino-
benzoic acid is intense enough to protect the skin against sunburn in case of
extremely strong ultraviolet irradiation, such as is found on glaciers or on the
ocean.
The p-aminobenzoic acid preparation was tested under "field" conditions on
32 individuals, all of whom had complained that they are unable to remain in
sunshine for any considerable length of time. In all cases the preparation was
said to have secured complete protection.
No comparative measurements with salicylic acid esters were made on human
skin because a comparison of the absorption spectra of salicylic acid and p-amino-
benzoic acid by means of a Beckman spectrophotometer clearly showed the
superiority of the absorptive power of p-aminobenzoic acid in that part of the
ultraviolet spectrum which is responsible for sunburn (fig. 1).
An attempt was made to make comparisons with G-salt (sodium salt of 6,
8 disulfonic acid), but the attempt was unsuccessful because of difficulty in pro-
ducing a homogeneous mixture of ointment bases with 38% G-salt which would
be equimolecular in concentration with 15% p-aminobenzoic ointment.
CONCLUSIONS
Para-aminobenzoic acid protects against the sunburn range of ultraviolet
light. It has the advantage of being non-irritating, non-soiling and relatively
stable under solar radiation. Ruggles' cream was found to be a suitable base.
The experiments were made with 15% para-aminobenzoic in Ruggles' cream.
A technique was developed for measuring the thickness of this paste on the skin
by applying a given volume of paste onto a measured area of skin. When sym-
metrical areas on the surface of the skin of the same person were covered in 0.03
mm. layer thickness with Ruggles' cream and with 15% para-aminobenzoic
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acid in Ruggles' cream respectively, it was found that the areas protected with
the para-aminobenzoic acid ointment required 50 to 100 times longer irradiations
to produce a threshold erythema than areas protected with the plain vehicle.
Mercury arc iamps were used as light sources in these quantitative experiments.
In "field experiments", in which individuals highly susceptible to sunburn
exposed themselves to sunshine far beyond their tolerance, the para-aminobenzoic
acid preparation proved to be a highly effective protectant.
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